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POSTTIONING INVESTIGATION OF SINGLE SLOTTED FLAPS ON

A 47.70 SWEPTBACK WING AT REYNOLDS RUMBERS
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OF 4.0 x 10° AND 6.0 X 10

By Stanley H. Spooner and Ernst F. Mollenberg
SUMMARY

A low-speed wind-tunnel investigation has been conducted at

Reynolds numbers of 4.0 X 105 ang 6.0 x 10% to determine the relation-
ship between the flap effectlveness and the horizontal and vertical
position of a partiasl-spen single slotted flap on a 47. 7 sweptback-
wing - fuselage combinstion. The wing had an aspect retio of 5.1, =
taper ratio of 0.383, and NACA 64-210 airfoil sections. ,

The value of the maximum 1ift coefficlent is relgtively unaffected
by the wing-flap position or the flap deflection within the range inves-
tigated. The increment of 1lift coefficient in the linear-1ift range,
however, varies with flap position and increases with increasing flap
deflection. Although the optimum flap position (position of largest
1ift increment) on a 47.7° sweptback wing 1s not predicted exactly by
two-dimensional tests, the reduction of the Increment of wing 1ift coef-
ficient as a result of the use of the optlimum flep positions determined
from two-dimensional tests amounts to only 0.02 to 0.03.

INTRODUCTION

The sensitivity of the maximm 1lift coefficlent to small changes in
the position of slotted flaps with relation to the airfoll is shown in
reference 1. 1In the past, two-dimensional tests have been used as the
basis for determining the optimum position of these flaps on unswept
wings.

With the advent of swept wings there has been some question as to
the validity of basing swept-wing flap positions on two-dimensional
tests. Furthermore, considerations of the stalling characteristics of.
some sweptback wings indicate that the wing meximum 1ift coefficients
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may be relatively insensitive to changes in the slotted-flsp position
so that the optimum flap position must then be established on a basis
other than maximum 1ift.

An 1nvestigation was undertaken, therefore, to establish the rela-
tionship of the optimm flsp positions on a sweptback wing to those
determined from two-dimensional tests and to evaluate the effects of
flap position. Positioning tests of a partisl-span single slotted flap
on a 47.7° sweptback-wing - fuselage combination were made in the
Langley 19-foot pressure tunnel. The wing had an aspect ratio of 5.1,
taper ratio of 0.383, and NACA 64-210 airfoil sections normal to the
0.286-chord line. Most of the tests were conducted at a Reynolds number

of 4.0 x 106"and a Mach number of 0.10 and the rest at a Reynolds number
of 6.0 x 106 and a Mach number of 0.1k,

SYMBOLS

The data are referred to a set of axes colnciding with the wind
axes and originating in the plane of symmetry at the quarter-cherd point
of the mean serodynamic chord. All wing coefficients are bhased upon the
dimensions of the basic wing.

Cy, 1ift coefficient (Lift/qS)

ACT, increment of 1ift coefficient, measured at o = 8°

Acy * increment of section 1lift coefficient, measured at «g = O°
Cp drag coefficient (Drag/qS)

Cn pitching-moment coefficient (PitChingm“ment)

q free-stream dynamic pressure, pounds per sguare foot

S wing area, square feet

ol

s [o/2
mean aerodynamic chord, feet gu/\ c2dy
Q

c wing chord parallel to plane of symmetry, feet

c! wing chord measured normal to 0.286c, feet

-
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b/2 .. semispan of wing, normal to plene of symmetry, feet

N g spanwlse coordinate, normsl to plene of symmetry, feet

L/D ratic of 1ift to drag

R "Reynolds number, based on mean sercodynemic chord

v vertical distance of. flap reference point to wing reference
point (fig. 2), percent c'

h horizontal distance of flap reference point to wing reference
point (fig. 2), percent c'

or flap deflection, degrees

o angle of attack of root chord, degrees

Qg section angle of attack

MODEL

The principal dimensions of the model are shown in figure 1.
Details of the single slotted flaps and the leading-edge flaps are shown
in figure 2. A photograph of the model mounted for testing in the
Langley 19-foot pressure tunnel is presented as figure 3. The wing,
which was of solid-steel construction, had NACA 64-210 airfoil sections
normal to the 0.286-chord line. The sweepback of the 0.286-chord line
(0.25c') was 459, the aspect ratio was 5.1, and the taper ratio was 0.383.
The wing was uniformly tw1sted to produce l 32° washout at the tip and
the dilhedral angle was a® The fuselage was of circular cross section
end had a fineness ratio of 10.2.

The round-nose, extensible, leading-edge flaps extended from
station O.500b/2 to 0.975b/2 and had constent chord and constant
deflection.

The single slotted flaps hed e chord equal to 0.25¢c' and could be
deflected 20°, 300, or 40°. The flap spen was approximately O. 30b/2 and
extended from station O. lhkb/E to 0.450b/2. The outboard end of the
flep extended only to the 0.450b/2 station since reference 2 indicates
that longitudinal stabllity at maximum 1ift is unlikely with flaps
extending farther outboard. The brackets were so constructed as to
permit the flaps to be moved horizontally and vertically in the plane of
the given alrfoil section in a menner such that the horizontal and
vertical positions of the flep reference point were constant
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(in percent c') sleng the flap span. The flap positions were accurate v
to #0.001c'. The ordilnates for the flap and the flap-well sections are

presented in tables I gnd IT.
TESTS

The tests were conducted in the Langley 19-foot pressure tunnel
with the ailr compressed to approximately 33 pounds per square inch g
absolute. Most of the tests were made at a Reynolds number of 4.0 X 10
end a Mach number of 0.10. The Reynolds number of 4.0 X 10° based on
the wing mean serodynamlic chord corresponds to a Reynolds number of

2.9 X lO6 based on the mean chord of the flapped portion of the wing in
the plane of the given airfoil section (nogmal to 0.286¢c). A Tew tests
were made at a Reynolds number of 6.0 X 10° and a Mach number of 0.1k,

The 1ift, drag, and pltching moments were measured through an angle-
of -attack range at zero yaw by a simultaneously recording balance system.
The characteristics of the wing-fuselage combinations were determined
for a range of slotted-flap positions and deflectlons for the model with
and without leading-edge flaps. The flap positions investigated are
shown in figure k4.

RESULTS AND DISCUSSION

A1l data have been reduced to standard nondimensional coefficients
and have been corrected for support-tare and interference effects and
for air-stream misalinement. Jet-boundary corrections have been applied
to the angle of attack and to the drag and pitching-moment coefficients.
The Jet-boundary induced velocltles obtained by means of reference 3
were used to compute these corrections.

Meximum 1ift.- The 1lift, drag, and pitching-moment characteristics,
representative of the data obtained for the various flap positlions, are
shown in figures 5 to 8. Within the accuracy of the measurements, the
velues of maximum 1ift coefficient are essentlally the same over the
range of flap positions end deflectlions Investigated, although in two-
dimensional tests (reference 1) the meximum 1ift coefficlents obtained
were shown to be critically dependent upon the deflection end the rela-
tive horizontal and vertical position of the flap wlth respect to the _
airfoll, Observations-of wool tufts attached to the. upper wing surface .
indicated that the flow separates initially from the outer sections of _
the wing at moderate afigles of attack and spreads inboard along the o
leading edge. This separation 1s accompanied by a vortex type of flow
as described in reference 4. The tip stall and the complex vortex-flow
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phencmensa gppaerently mask the effect of the flaps on the maximum 1ift
coefficient. The increment of 1ift coefficient ACy,, therefore, is
used to show the effects of flap position and deflection. It is of
interest to note that ACT, is approximately proportional to the change
in 1ift coefficlent at which the abrupt decresse occurs in the slope of
the 1ift curve.

Lift increment.- The increments of 1lift coefficient ACy, measured

at o = 8° are presented in the contour plots in figure 9. The incre-
ments were determined by using as & base the results of tests with the
slotted flaps replaced by a solid trailing edge contoured to the given
alrfoll section. Although these tests were conducted st a Reynolds num-

ber of 6.0 X 106, reference 4 shows that no scale effect on the 1ift

occurs in the Reynolds number range between 4.0 x 106 ﬁo 6.0 X 106 S0
thet the use of these results as a base is valid.

Because of the wing sweep and the short flap spen, the increments
are expectedly small but show a rather orderly variation with a change
in flep position. For a flap deflection of 20° the increment of Llift
varies slightly over the range of positions Investigated. As the flep-
deflection angle 1s Increased up to hO ACT, varles more rapidly with
a change in flap pasition. The position for the maximum value of ACr,
however, does not change apprecisbly with flap deflection. This optimum
position of the flap reference polnt remsins sabout 1 percent ahead of
and 2 percent below the wlng reference point. The optimum values of ACT,
are approximately proportional to the flap deflection and were ilncreasing
at the greatest deflection investigated.

The increments of sectlion 1ift coefficient for deflections of 30°
and hOo, obtained fraom unpublished two-dimensions]l positioning tests of .
the seme alrfoil and flap section at the same Reynolds number (2.9 X 106
in plane of given airfoil section) are superimposed on the three-
dimensionsl data presented in figure 9. For the flap deflection of 30°
the flap position producing the largest 1lift increment 1s shown to be
neerly the same for either the two- or three-dimensionsal case.
For &p = 40°  this optimum position of the flap in two-dimensional
flow is displaced upward somewhat from that on the L47. 7° sweptback wing.
The results show that the exact position for maximum AC;, at constant
flep deflection produced by a single slotted flap on a 47.7° sweptback
wing is not predicted by two-dimensional tests but that the reduction
of AL7, resulting from the use of optimum flep positions based on two-
dimensional tests amounts to a maximum of only 0.02 to 0.03. In addi-
tion, the percent change 1In the 1ift increment for a given movement of
the flap is several times larger for the two-dimensionsl case then for
the three-dimefisional case.
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Previous tests of the subject wing (reference 2) have shown that
some type of leading-edge stall-contrql device is required on the outer
portion of the wing to delay tip stall in the high angle-of-attack
range. Flep positioning tests were made, therefore, for the wing
equipped with en outboard.0.475b/2 leading-edge flap.

As shown by the representative data presented In figure 8, the
maximum 1li1ft coefficients obtained were not appreciably affected by the
slotted-flap position. In order %o show the effects of flap position,
the contours of AC], obtained from the positioning tests with the
leading-edge flaps installed on the wing are presented in figure 10.
The reglon of maximum AC, 1s centered spproximastely ebout the same
point in the contour plot as it 1s for the configuration without the
leading-edge flaps although the area for meximum ACI, is somewhat
larger.

The effects of increasing the Reynolds number from 4.0 X 106 to

6.0 x 106 are shown in figures 10(a)} and 10(b) for tkhe wing configurs-
tion without the stall-controcl device. The effects are similar to those
resulting from the addition of the leading-edge flaps in that the area
for maximum ACy;, is increased, which amounts to a decrease in the sen~
sitivity of the maximum AC7, to flap position.

The flap positions for maximum AC], for the various configurations
investigated are presented in table III.

Drag.- As a means of comparing the drag characteristics, the walues
of L/D (for an untrimmed lift coefficient of 0.8) measured for the
various positions of the single slotted fleps are presented as contour
charts in figure 1l1. A 1lift coefficient of 0.8 was chosen as representa-
tive of that which might be used in the landing-approach condition. The
meximum values of L/D at Cr, =:0.8 are obtained with the flap refer-
ence point located shead of the wing reference point and with the flap
almost tangent to the slot lip. Within the range of flap positions
investigated the meximum change in L/D with flep position amounted
to 0.5.

Two-dimensional positioning investigations of single slotted flaps
(reference 5) have shown thet the positions for lowest drag generally
are incompatible with those for highest maximum 1ift. A comparison of
figures G and 11 indicates that the flap positions for maximum L/D
(at Cy, = 0.8) do not differ grestly from those for which the maximum
increment in 1lift ie produced. It is realized thaet the mumerous factors
involved, such as slot-entry shape, slot-lip shape, and flap-nose shape,
influence the characteristics considerably and the trends shown herein
are not necessarily representative of designs other than the one
investigated.
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The effects on the varistion of L/D with flap position of the
addition of leading-edge f%aps and of increasing the Reynolds number
from 4.0 X 10° to 6.0 x 10~ are shown in figure 12 for a flap deflection
of 40°. The addition of the leading-~-edge flaps results in a reduction
in the maximum vealue of L/D of 0.5 and moved the flsp position for .
maximum L/D rearward. The increase in Reynolds number to 6.0 X 106
does not greatly alter the flap position for mexinum L/D although the
value of meximm L/D at CL = 0.8 1s increased about 0.k,

The flap positions for the maximum values of L/D at Cr = 0.8
for the wvarlous configurations investigated aré presented iIn table IIT.

Pitching moment.- The representative pltching-moment data presented
in figures 5 to 8 indicate that the trim varistion between the extremes
of the flap-poslition range investigated smounts to a maximum pitching-
moment coefficlent of about 0.025 for the model with lesding-edge flaps
and Bt =-40°, The largest trim change is produced with the flap in the
position which gives the greatest 1ift effectiveness., For flap positions
giving equal 1ift effectiveness the most resrward positions produce the
‘largest negative pitching moments.

The 1ift, drag, and pitching-moment characteristics of the wing-
fuselage combinstion equipped with the slotted flaps located near their
optimum-1ift position are presented in figure 13 for a Reynolds number
of 6.0 x 10%. Included slso are the data for the trailing-edge flaps
off with which the 1lift increments of figures 9 and 10 were determined.

CONCLUDING REMARKS

From the results of an Investigation in the Langley 19-foot pres-
sure tunnel to determine the effects of the position of single slotted
flaps on a 47.70 sweptback wing, the following remsrks may be made:

l. The value of the meximum 1ift coefficlent is relastively
unaffected by flap deflection within the range Iinvestigated or by
position with respect to the wing. The increment of 1ift coefficient in
the lineer-1ift range, however, varies with flap position and increases
with increasing flap deflection.

2. Although the optimum flsp position (position of lesrgest 1ift
increment) on a 47.7° sweptback wing is not predicted exactly by two-
dimensional tests, the reduction of the Iincrement of wing 1ift coeffi-
clent as a result of the use of the optimum flap positions determined
from two-dimensional tests amounts to only 0.02 to 0.03.
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3.-In the range ilnvestigated the optimum-11ft flap position is
little affected by the addition of outboard-located leading-edge flaps

or by the increase of Reynolds number from 4.0 X 109 to 6.0 x 10°.

k. The flap positions at constant flap deflections having the least
drag are approximately the same as those for the largest 1lift Increment.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronautlcs
Langley Alr Force Base, Va.



[AY

NACA RM L50H29 ' -9
REFERENCES

l. Cahill, Jones F¥.: Summery of Sectlon Data on Trailing-Edge High-
Lift Devices. - NACA Rep. 938, 19k9.

2. Salmi, Reino J.: Effects of Leading-Edge Devices a.nd. Trailing-Edge
Fla.ps on Longitudinael Characteristics of Two LT. T° Sweptback Wings
of Aspect Ratios 5.1 and 6.0 at a Reynolds Number of 6.0 x 10~.
NACA RM L50F20, 1950.

3. Eisenstadt, Bertram J.: Boundary-Induced Upwash for Yawed and Swept-
Back Wings in Closed Circular Wind Tunnels. NACA TN 1265, 19kT.

k. Selmi, Reino J., and Carros, Robert J. Longitudinal Characteristics
of Two 47.7° Sweptba.ck Wings with Aspect Ratios of 5.1 and 6 0 at

Reynolds Numbers up to 10 X 106. NACA RM L50AOH, 1950.

5. Holtzclew, Ralph W., and Welsman, Yale: Wind-Tunnel Investigation of
the Effects of Slot Shape and Flap Locatlon on the Characteristics
of a Low-Drag Alrfoil Equipped with a 0.25-Chord Slotted Flap.

MR AML28, 19k,



NACA RM L50H29

TABLE T
ORDINATES FOR UPPER SURFACE OF FLAP WELL

]Etatioﬁs aﬁd-ordiﬁatés given.ff&ﬁ éif-
foil chord line in percent airfoil

chord. }
Ordinate
Station (NACA 64-210 airfoil)
: (a)

TH.T5 -0.29
75.00 .43
76.00 1.20
77.00 1.
78.00 1.86
79.00 2.02
79.75 2.11
84,00 1.94

80rdinates between stations T9.75 and 84,00
connected by straight lines.
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TABLE IX
ORDINATES FOR FLAFP ON WING HAVING NACA 64-210
ATRFOIL SECTIONS

[Stations and ordimates given from flap-chord
line in percent airfoil chord,]

Upper surface Lower surface
Station Ordinate Station Ordinate
0 0 0 9]
.25 .78 .25 -.34
.50 1.01 .50 -.50
1.00 1.32 1.00 -.TO
2.00 1.69 2.00 -.90
3.00 1.89 2.50 -.00
4.00 2.01 h.o5 -.70
5.00 2.07 9.96 -.33
6.00 2.09 14.98 -.0L
T.00 2.09 19.99 A3
Q.00 2.05 25.00 -.05
11.00 1.88
15.04 1.30
20.02 62
25.00 .05
L.E. radius: 0.620
L.E. radius center: 0.170 gbove flap-chord
line

‘ﬁqggupr'



TABLE IIT

OPTIMUM FLAP POSTITIORS

Tests of 0,30b/2 flap on 47.7° eweptback- Two-dimensional
wing - fuselage combination tests
Leading-
edig's o Positions for masximum | Positions for maximum Fositlons for
g (deg) ACy, at a = 8@ L/D‘ gt C, =0 8 max ium
Tlaps i . bey &t gy = o°
L/D AC
h VoL AL | h v | L/D (af h v ey
Off 20 |1.50| 2.00 | 0.208 |12.82.00 | 1.25| 13.0 | 0.200] =cmw | comn | ===
Off 30 {1.25) 1.80| .300|11.8] .75 {1.50|12.0] .295/ 1.00{1.50 [1.450
off Lo .70 1.8¢ | .380[10.3|1.00 |1.00]10.5| .355{ 1.00 | 1.00 1.740
On o Jo 1.00] .380| 9.7|0 .50 10.0 | .3T0| ~emmw | === |=-m--

. ®L/D 1s measured at Cf = 0.8 and AC[, is messured at a = 8° in all cases and

both are for R = 4.0 X 106. ]
A
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0.286-chord 1line
.HAGL 8i-210
alrfoll section
fe——k2.79
L 112,36 149.50
—>{ 12,10 (=,
’/ 7
V4 _ -
\ \\ Ls5°

;;}o\

{
1.81

|

N\
3
s B =31.22

1.87
N A 1
Aspect ratio 5.1 I‘ )_I £
Ta tx .38 16.
Breroee 0% %
Wing area  30.35 sq ft
Interaection of 0.286-chord
/line with plane of symetry f
170.95 >

r 16.80 (maximum diame.tez-)_

Figure 1l.- Geometry of the

] ~RACA~

47.7° sweptback-wing - fuselasge combinetion.

All dimensions are in inches.
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0.286-chord line

NACA 6L-210G
girfoll section

Section A=A

Wing reference point
Z |

= /- Wing-chord line

Wing-chord line in .
retracted position

Flap—chord line

Section B-B

0.25 Rad.

Figure 2.- Details of leading-edge and trailing-edge flaps.
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Figure 3.- The h"{."{o pweptback-wing - fuselsge combination mounted in
the Langley 19-foot pressure tunnel.
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Wing reference point 3 2 1 0 A

h
3 2 1 0.1
6 . = 20° 8p = 30°
leading=edge flaps off Leading=-edge flgpa off
R x o0 % 10 = 4.0 x 10
. v
h o h
3 2 13 0 A 8, = 40 > 2 1 0 A
Leading=-edge flaps off
R=L4.0 x10

O Flap reference point

@ Designates flap positions
for which complete data are -
presented. Flagged symbols

Indicate that data are pze- °r = 11-00
Leading-edge flaps on sented for R =6.0 X 10°. o 41 o edge f%apa off
Rz b0 x 108 _ Rz 6.0 x 10

Figure 4.- Index of flap positions investigated.
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Symbols indicats position of flap
with repect to alrfoil

14
0 | MR:1D, S s N
2 1 ° yy e
o wed £
10 il o e ]
EANE Vil EEP
8 0
1'}5 /] Vi /f /]
P A |4 X
. 4 Ve
/ / /] /|
4
s ¥ . F i
2 4{ zK 15 ﬁ( K
o 1l 1 [
-4 0 4 & 2 e 20 24 28 '
° 0 0 0 0O 4 8 12 6 20 24 28 3
2 gt :

(8) C;, against a.

Flgure 5.- Aerodynamic characterietics of wing-fuselage combinetion for
several representative flap poeitions., Leading-edge flaps off;

3¢ = 20% R = k.0 x 10°.
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Symbols indicats position of Clap
wlth raspect to airfoll

&‘_‘__f‘épﬁﬁr@ﬁ‘"- ‘
_ N lg/.‘&—' =
f?{/ FAVAY,
AW NART{
i }; yimyi
e
% -

0 0 04 08 /12 6,0 29 28 32 3 40 44 48 52

0O 04 08 2 16 20 24 28 32 36 40 44 48 52 .56
° o o0
o O A ' G'D

(bl) C;, agalnst Cp.

Figure 5,- Continued.
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Symbols indloats poeitice of flap
with respact to airfoll)

y
b

7F

i
o

f

/ _

b
o]

~g
e

D—""‘U‘—-Q
B

-8 =12 =

g 0 -04 -08 -2

o
)

Cm
(c) G, egeinst Cp.

Flgure 5.- Concluded.
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Sysbola indleate position of flap
with rospsst to airfoll
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4
12 PR R
Lo
K.}
6
A / F/
" /] / /]
4 E/ 7
‘17 7 a 7 7 N
4 7 4’ ( N
0 11
-4 g 4 8 2 16 20 24 28 32
0 0 a (¥ 4 a 2 6 20 24 28 32
u] ¢ A [N >
@, deg

(a) C;, againet o.

Flgure 6.~ Aerodynamic charscteristics of wing-fuselage combination
for several representative flap positions. Leading-edge flaps [\_a.

off; Bp = 30% R = 4.0 x 105,
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Syabols indieate position of flsp
with respect to alrfoil

_— . e
L = T
412 B
r’}( :’7,[
/] /]
4 AN
/l g
/ 11/
ol ¢l 18] 1 d
JARIAEN
{
T W_
b A L1
O 04 08 U2 6 20 24 28 32 36 40 44 48 52 56
© ¢ 0 0 0 04 08 2 U5 20 2% 2 32 .3 40 44 48 52 56

(v) C;, against Cy.

Figure 6.- Continued.
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Symbols indicate posltlon of flap
with raspect to airfoll

© :5\ h'I"-».!: Q': O~ m"ﬂﬁ‘-:-. -
S 7 ; o ; /& + R tF'm'w“‘““‘?
F‘I’ ' | %
] A 4' 4t
i ; ] »
j ! g
I! jﬁ I / |
. f [ [
i P ol
08 04 0O 04 <08 +2 - SSHECA
' 0 0 0 0 04 08 =2 -I6
n ¢ cm A b

(c) C; egainat Cg.

Figure 6.~ Concluded.
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Sysboln indlcate position of flap
with reapeot to airfoll

(a) C;, against a.
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)L/ P /A' 4
4
/in /] /
2 / /|
L/ o 7 7 .
L L 1 1 ]
(4]
4 0 4 8 2 K X 2 2
4 4 e o 4 8 2 K  # Z
' «, dea :

Flgure 7.- Aercdynemlc characteristics of wing-fuselage combinztian
for several representative flap positions.

aff; 8s = 4% R = .0 x 10,

Leading-edge flaps

e
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Syabols Indisate position of flap

with respsat to airfoll
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(b) Cr, against Cp.

Flgure 7.- Continued.
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Symboly Indieats position of flap

with respect to mirfoil

ha W N \
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(c) €, =against Cp.

Flgure 7.- Concluded.
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(a) C;, against «.
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